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ABSTRACT
We developed a spectroscopic monitoring project to investigate the kinematics of the broad-line region (BLR)
in active galactic nuclei (AGN) with ultra-fast outflows (UFOs). Mrk 79 is a radio-quiet AGN with UFOs and
warm absorbers, had been monitored by three reverberation mapping (RM) campaigns, but its BLR kinematics
is not understood yet. In this paper, we report the results from a new RM-campaign of Mrk 79, which was
undertaken by Lijiang 2.4-m telescope. Mrk 79 is seeming to come out the faint state, the mean flux approxi-
mates a magnitude fainter than historical record. We successfully measured the lags of the broad emission lines
including Hβ λ4861, Hγ λ4340, He II λ4686 and He I λ5876 with respect to the varying AGN continuum.
Based on the broad Hβ λ4861 line, we measured black hole (BH) mass ofM• = 5.13
+1.57
−1.55×10
7M⊙, estimated
accretion rates of M˙• = (0.05±0.02)LEdd c
−2, indicating that Mrk 79 is a sub-Eddington accretor. We found
that Mrk 79 deviates from the canonical Radius−Luminosity relationship. The marginal blueshift of the broad
He II λ4686 line detected from rms spectrum indicates outflow of high-ionization gas. The velocity-resolved
lag profiles of the broad Hγ λ4340, Hβ λ4861, and He I λ5876 lines show similar signatures that the largest
lag occurs in the red wing of the lines then the lag decreases to both sides. These signatures should suggest
that the BLR of Keplerian motion probably exists the outflow gas motion. All findings including UFOs, warm
absorbers, and the kinematics of high- and low-ionization BLR, may provide an indirect evidence that the BLR
of Mrk 79 probably originates from disk wind.
Keywords: galaxies: active – galaxies: nuclei – galaxies: individual (Mrk 79)
1. INTRODUCTION
In the past thirty years, reverberation mapping (RM;
Bahcall et al. 1972; Blandford & McKee 1982) has been ex-
tensively adopted to investigate the kinematics of the broad-
line region (BLR) and measure the mass of accreting super-
massive black hole (BH) in active galactic nuclei (AGN).
BH masses of ∼100 AGNs have been measured by different
RM campaigns (e.g., Peterson et al. 1993b, 1998; Kaspi et al.
2000; Peterson et al. 2004; Denney et al. 2009b, 2010;
Bentz et al. 2007, 2009b, 2010, 2013; Barth et al. 2011a,b;
Peterson 2014; Du et al. 2015; Grier et al. 2017; Du et al.
2018; De Rosa et al. 2018). Canonical Radius−Luminosity
relationship is constructed from these RM campaigns
(Peterson et al. 1993b; Wandel et al. 1999; Kaspi et al. 2000;
Bentz et al. 2013), which provides an indirect way to esti-
mate BH mass from single spectrum. However, as the num-
ber of sample increases, this relationship becomes more scat-
ter (∼0.3 dex; Bentz et al. 2013; Grier et al. 2017; Du et al.
2018). It is possible to find the physics of this scat-
ter studying the long-term variation of the BLR by re-
peated RM-campaign (Peterson et al. 2002; Lu et al. 2016).
The kinematic structures of the BLR for ∼20 AGNs have
been probed using velocity-resolved RM (e.g., Denney et al.
2009a, 2010; Bentz et al. 2009b, 2010; Barth et al. 2011a,b;
Grier et al. 2013; Du et al. 2016; Lu et al. 2016; Pei et al.
2017; De Rosa et al. 2018; Zhang et al. 2019). They usu-
2ally include virialized disk, inflow, and outflow (Bentz et al.
2009b; Grier et al. 2013), but physical origins of inflow and
outflow remain unclear.
Mrk 79 is a nearby and radio-quiet (RQ) AGN (z =
0.022189 from NED), which has been monitored by three
RM-campaign (Peterson et al. 1998). These campaigns suc-
cessfully detected time delays of the broad Hβ line with re-
spect to the continuum variation, but the BLR’s kinematics
of Mrk 79 is not understood yet. Therefore, Mrk 79 de-
serves to be monitored again to investigate the kinematics
of the BLR, and to construct the Radius−Luminosity rela-
tionship of Mrk 79 (like Radius−Luminosity relationship of
NGC 5548, see Peterson et al. 2002; Lu et al. 2016; Pei et al.
2017; Kriss et al. 2019).
Secondly, based on X-ray spectrum between 7 and 10
keV, ultra-fast outflows (UFOs, i.e., highly ionized ab-
sorbers) have been detected in Mrk 79 through Fe XXV and
Fe XXVI K-shell absorption lines with blueshifted velocity
VUFOs,out = (0.092 ± 0.004)c (c is the speed of light, see
Tombesi et al. 2010, 2011). Warm absorbers also detected
in soft X-ray spectrum , but current energy resolution of X-
ray spectrum is hard to constrain its nature (Gallo et al. 2011;
Tombesi et al. 2013). UFOs and warm absorbers are proba-
bly associated with accretion disk wind in Mrk 79 because
it is a RQ AGN (no jets; Tombesi et al. 2011). What is the
connection between the BLR and accretion disk wind?
On the one hand, multiphase disk wind including hard
X-ray absorbers (UFOs), soft X-ray absorbers (warm ab-
sorbers), and UV absorbers were confirmed in term of
the blueshift of X-ray and ultraviolet (UV) broad absorp-
tion lines (e.g., Murray & Chiang 1997; Leighly & Moore
2004; O’Brien et al. 2005; Tombesi et al. 2010, 2013;
Hamann et al. 2018; Longinotti et al. 2019; Giustini & Proga
2019), in which these absorbers jointly or partially exist in
AGNs (O’Brien et al. 2005; Tombesi et al. 2013). There-
fore a disk wind model characterised by multiphase stratified
structure was developed to explain these phenomenons (e.g.,
see Figure 5 of Tombesi et al. 2013, Figure 6 of Mas-Ribas
2019). In addition, outflows of the BLR are also found from
UV and optical spectra. For example, (1) Richards et al.
(2011) found that the blueshift of broad C IV emission line
are nearly ubiquitous, with a mean velocity of∼ 810 km s−1
for RQ AGNs; (2) in RM study of spectroscopic monitoring,
Hu et al. (2015) found that a blueshifted broad He II λ4686
line is need to reasonably decompose optical spectrum; (3)
based on the rest frame defined by [O III] λ5007 line,
Ge et al. (2019) found the blueshift of the broad C IV emis-
sion line has a medium-strong positive correlation with the
optical luminosity and the Eddington ratio. Murray et al.
(1995) developed a model for line-driven wind from accre-
tion disk, which suggested that the absorbing gas cannot
lie within the broad-line emitting region but can be cospa-
tial with it or outside of it, and predicted that the high-
ionization emission lines should be blueshifted relative to
the low-ionization emission lines. Interestingly, the blueshift
of absorbers and emitters jointly exist in a few AGNs (e.g.,
PDS 456). O’Brien et al. (2005) attributed this phenomenon
to a decelerating, cooling outflow, which may be driven by
radiation and/or magnetic field, and suggested that the X-
ray outflow could be the source of some of the BLR gas. In
this case, the geometric and kinematic structures of the BLR
could be modified by decelerating, cooling outflow.
On the other hand, The signature of the outflowing BLR
was just observed doubtlessly by velocity-resolved RM in
Mrk 142 and NGC 3227 (Du et al. 2016; Denney et al.
2009a, 2010). It’s worth noting that these both AGNs have
different properties. Mrk 142 has very high accretion rates,
radiation pressure acting on the ionized gas may drive out-
flow of the BLR (Du et al. 2015). However, NGC 3227 is
a low-accretion AGN (Denney et al. 2010; Du et al. 2015),
but has detected outflows of hard X-ray and soft X-ray ab-
sorbers with velocity of ∼ 2060 km s−1 and ∼ 420 km s−1
(i.e., UFOs and warm absorbers) from X-ray spectrum
(Markowitz et al. 2009). What drives outflow of the BLR for
AGNs in the low accretion rate?
Motivated by above questions, we will focus on investigat-
ing the BLR kinematics of AGNs with UFOs and explore po-
tential connection between the BLR and UFOs (or accretion
disk wind). Therefore we developed an AGNs with UFOs
monitoring project, this paper presents the results from the
spectroscopic monitoring of Mrk 79. The paper is organized
as follows. In Section 2, we describe the observation and the
data reduction in detail. Data analysis and results including
spectral measurement, time series analysis, the construction
of velocity-resolved lag profiles and estimate black hole mass
and so on are present in Section 3. Section 4 is discussion
and summary is given in Section 5. We use a cosmology
with H0 = 67 km s
−1 Mpc−1, ΩΛ = 0.68, and ΩM = 0.32
(Planck Collaboration et al. 2014),
2. OBSERVATION AND DATA REDUCTION
2.1. Spectroscopic and Photometric Observation
The spectroscopic and photometric observation of Mrk 79
were taken using Yunnan Faint Object Spectrograph and
Camera (YFOSC) mounted on the Lijiang 2.4-m telescope
(LJT), which is located at Lijiang observatory and is ad-
ministered by Yunnan Observatories of Chinese Academy
of Sciences (Fan et al. 2015; Wang et al. 2019). YFOSC is
equipped with a back-illuminated 2048×2048 pixel CCD,
with pixel size 13.5 µm, pixel scale 0.283′′ per pixel, and
field-of-view 10′ × 10′. It is a versatile instrument for low-
resolution spectroscopy and photometry (see Du et al. 2014;
Lu et al. 2016).
The spectral monitoring ofMrk 79 started on 2017Novem-
ber 1, and terminated on 2018 March 13. During the
spectroscopic observation, we simultaneously observed a
nearby comparison star along the slit as a reference stan-
dard, which can provide high-precision flux calibration (see
Hu et al. 2015; Lu et al. 2016; Du et al. 2018). This observa-
tion methodwas described in detail byMaoz et al. (1990) and
Kaspi et al. (2000), and was recently adopted by (Du et al.
2014; Lu et al. 2016; Du et al. 2018). In the light of the av-
erage seeing ∼ 1.3′′ of observational station, we fixed the
projected slit width 2.5′′. We used Grism 14, which provides
a resolution 92 A˚ mm−1 (1.8 A˚ pixel−1) and covers the
wavelength range 3600−7460 A˚ . Standard neon and helium
3lamps were used for wavelength calibration. In total, we ob-
tained 72 spectroscopic observations, spanning a observation
period of 132 days. The median and mean cadences are 1.0
and 1.8 days, respectively. All spectra were observed with a
median air mass of 1.15, which means that atmospheric dif-
ferential refraction has a negligible impact on our analysis
(Filippenko 1982).
It should be noted that the standard spectral calibration
method assumes that the [O III] λ5007 flux is constant and
use it as an internal flux calibrator (e.g., Fausnaugh 2017). To
integrally put extended [O III] λ5007 emission region into the
slit in spectroscopy, many previous RM campaigns adopted
a broad slit (∼ 5′′; see Table 12 of Bentz et al. 2013) at the
cost of losing the spectral resolution. In this case, standard
spectral calibration method using the [O III] λ5007 as cal-
ibrator provides precise internal flux calibration of spectra
(see Fausnaugh 2017). Actually, a relatively narrow slit con-
tributes to increasing the spectral resolution, and high spec-
tral resolution is conducive to the following velocity-resolved
time series analysis (Section 3.8). Therefore, we adopted
a relatively narrow slit (2.5′′) in spectroscopy. For a small
spectrograph slit, using the [O III] λ5007 as an internal flux
calibrator is not an optimal choice, because the [O III] λ5007
emission region of many AGNs (e.g., Schmitt et al. 2003a,b,
and Peterson et al. 1995 for NGC 4151) along with the host
galaxy are (slightly and very) extended sources (see Ap-
pendix A), varying observing conditions may cause the ap-
parent variation in flux of extended sources (details refer to
Appendix A). While, in this case, a stable comparison star
observed along with the object simultaneously in a narrow
slit can provide precise flux calibration of spectra (see Sec-
tion 3.4 and Appendix A, Hu et al. 2015 as well).
The photometric images with the field of 10′′ × 10′′ were
obtained using a Johnson V filter. Totally, we obtained 62
photometric observations. Typically, two exposures of 90 s
were taken for each individual observation.
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Figure 1. Light curves of the comparison star for the present campaign. The
scatter of the light curves is 0.01 mag.
2.2. Data reduction
The photometric images were reduced following standard
IRAF procedures using IRAF(v2.16) package. The mag-
nitude of the object (Mrk 79) and the comparison star were
measured through a circular aperture with radius of 5.7′′, and
differential magnitudes were obtained relative to 4 selected
stars within the field of view. Figure 1 shows the light curve
of comparison star. The accurate of the photometry is 1%,
which demonstrates that the comparison star is stable enough
to be used for flux calibration of the spectra. The photometric
data of Mrk 79 will be used to check the spectral calibration
in Section 3.4.
The two-dimensional spectroscopic data were reduced us-
ing the standard IRAF(v2.16) package. This process in-
cluded bias subtraction, flat-field correction, wavelength cal-
ibration and spectrum extraction. All spectra were extracted
using a uniform aperture of 20 pixels (5.7′′), and background
was determined from two adjacent regions (+7.4′′ ∼ +14′′
and −7.4′′ ∼ −14′′) on both sides of the aperture region.
Actually, a relatively small extraction aperture contributes to
reducing the poisson noise of sky background and increasing
the signal-to-noise ratio (S/N) of spectrum. High S/N ratio
is conducive to the following multi-component decomposi-
tion of spectrum (Section 3.2). Spectral flux of the target
were calibrated by the comparison stars in two steps. (1)
We produced the fiducial spectrum of the comparison star
using data from nights with photometric conditions. (2) For
each object/comparison star pair, we obtained a wavelength-
dependent sensitivity function comparing the star’s spectrum
to the fiducial spectrum. Then this sensitivity function was
applied to calibrate the observed spectrum of the target (also
see Appendix A; Du et al. 2014; Lu et al. 2016).
2.3. Data processing
The flux-calibration spectra were corrected for Galactic ex-
tinction using the extinction map of Schlegel et al. (1998)
at first. The variations of seeing and mis-centering usually
cause slight wavelength shift and broadening of emission
lines (Du et al. 2018; Lu et al. 2016). We corrected wave-
length shift using [O III] λ5007 line as wavelength refer-
ence, and corrected broadening of emission lines convoluting
[O III] λ5007 line into its maximum width determined from
72 spectra. Then spectra were transformed into the rest frame
using the redshift (z = 0.022189). These processed spectra
are adopted in the next analysis.
3. DATA ANALYSIS AND RESULTS
3.1. Mean and RMS Spectra
The definition of mean spectrum is (Peterson et al. 2004)
Fλ =
1
N
N∑
i=1
Fi(λ) (1)
and rms spectrum is
Sλ =
{
1
N
N∑
i=1
[
Fi(λ) − F (λ)
]2}1/2
, (2)
where Fi(λ) is the ith spectrum and N is the total num-
ber of spectra obtained during the monitoring period. Using
Equations (1,2), we calculated the mean and rms spectrum
of Mrk 79 from the processed spectra and showed them in
Figure 2 (in blue). Zoom-in of mean spectrum was inserted
in Figure 2a, which presents significant corona lines (such as
[Fe VII] λλ5158, 5178, [Fe VII] λ5721, [Fe VII] λ6086 and
[Ca V] λ5310), narrow lines (e.g., He I λ4471, He I λ5876),
and weak absorption-line features (e.g., see the red wing
of He I λ5876 narrow line). [O III] emission lines should
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Figure 2. Panels show the mean (a) and rms (b) spectrum of Mrk79 in the
rest frame, respectively. Blue lines are the original mean and rms spectrum
calculated from processed spectra (see Section 2.3). Red lines are the re-
vised mean and rms spectrum constructed after subtracting narrow emission
lines (including Hγλ4340, [OIII]λ4363, He Iλ4471, He IIλ4686, [Fe VII]
λλ5158, 5178, [N I] λ5200, [Ca V] λ5310, [Fe VII] λλ5721, He Iλ5876
and [Fe VII] λ6086) from each nightly spectrum. We only show the fitting
region (4180A˚-6115A˚ in the rest frame, see Section 3.2).
normally disappear in rms spectrum because the flux of
[O III] should not vary on the BLR reverberation timescale
(Barth & Bentz 2016). However, Figure 2b shows that
[O III] λλ4959, 5007 emission lines dramatically remain in
rms spectrum.
In practice, two scenarios will result in the [O III] remain-
ing in the rms spectrum. (1) Residual [O III] is caused
by wavelength shift and broadening of emission line. (2)
As considered in Section 2.1 (the third paragraph), residual
[O III] may be attributed to the apparent variation in flux
of [O III] caused by varying observing conditions because
the narrow-line region (NLR) of Mrk 79 is slightly extended
(Schmitt et al. 2003a,b; Ho 2009, also see Appendix A). For
the former, we have processed spectra of Mrk 79 strictly
before calculating rms spectrum, therefore the residuals of
[O III] in rms spectrum do not caused by the shift and broad-
ening of emission line. If the latter case holds, apparent varia-
tion in flux of [O III] and host-galaxy should have similar be-
haviour (or be correlated) because NLR and the host galaxy
are extended sources, we will examine this in Section 3.4.
Based on the mean and rms spectrum, we found that the
broad He II λ4686 is very weak (see blue trace of Figure 2a),
but its flux shows significant variation (see blue trace of
Figure 2b) during the monitoring period. To determine the
width of the broad He II λ4686 line from the rms spectrum,
we run 200 Monte Carlo simulations similar to the method
adopted by Grier et al. (2012). We created 200 rms spectra
from 200 randomly chosen subsets of the spectra, and ob-
tained distributions of line width (FWHM) and positions of
line core (C). The distributions give FWHMHe II λ4686 =
9621± 812 km s−1 and CHe II λ4686 = 4678.6± 3.9 A˚. The
latter corresponds to a blueshift of the broad He II λ4686
emission line with velocity of ∼ 450 km s −1.
3.2. Spectral Fitting
To more accurately separate the broad emission fea-
tures from each other, spectral fitting scheme (SFS) is
widely used in the spectroscopic measurements of AGN (e.g,
Hu et al. 2008; Wang et al. 2009; Dong et al. 2008, 2011;
Stern & Laor 2012; Jin et al. 2012; Liu et al. 2018; Lu et al.
2019). Especially, in the study of reverberation mapping
field, SFS has been proven to be necessary to measure
the light curves when broad emission line blended highly
with each other (Bian et al. 2010; Hu et al. 2015; Barth et al.
2013, 2015). Beyond that, by modelling and removing the
contamination of strong host galaxy which varies from night
to night due to seeing and guiding variations, SFS can im-
prove the measurement quality of light curves of continuum
and broad emission lines (Hu et al. 2015, 2016).
In order to decompose the spectra of Mrk 79 using SFS, we
followed previous method described by Hu et al. (2015) with
some changes described below. The fitting was performed in
the rest wavelength range 4180 A˚−6115 A˚, which has no ef-
fect of the second-order (secondary spectrum) in our analysis
because it’s contamination occurs longer than 6250 A˚. The
fitting components include: (1) a single power law (fλ ∝ λ
α,
α is the spectral index) for the AGN continuum. In prac-
tice, a single power-law is successfully used to fit AGN con-
tinuum over a broad region (∼4150 A˚−6200 A˚; Hu et al.
2015); (2) the starlight from the host galaxy modelled by
the template with 11 Gyr age and metallicity Z = 0.05
from Bruzual & Charlot (2003); (3) Fe II multiplets mod-
elled by Fe II template from Boroson & Green (1992) con-
volving with a Gaussian function; (4) four single Gaussians
for the broad-emission lines including Hβ λ4861, Hγ λ4340,
He II λ4686, and He I λ5876, respectively; (5) three dou-
ble Gaussians for the [O III] doublets λ5007/λ4959 and
Hβ λ4861 narrow line; (6) a set of several single Gaus-
sians with the same velocity width and shift for narrow emis-
sion lines including Hγ λ4340, [O III] λ4363, He I λ4471,
He II λ4686, He I λ5876, [N I] λ5200 and several coronal
lines. Following Hu et al. (2015), we fitted the above models
simultaneously to the spectra of Mrk 79 in the fitting region.
The processed spectra (see Section 2.3) were fitted in two
steps. We fitted the mean spectrum at first. During the fitting,
the flux ratio of [O III] doublets was fixed to the theoretical
value of 3. The shift and line width of the broad He II λ4686
emission line were fixed to the best value measured in Sec-
tion 2.3 because it’s too weak to restrict the model. The rest
of model parameters were allowed to vary. Then in the fitting
of individual spectrum, we fixed the spectral index, the flux
ratios of the narrow emission lines relative to [O III] λ5007
to the corresponding values given by the best fit of the mean
spectra. The spectra of Mrk 79 show weak features of Fe II
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Figure 3. Multi-components fitting of (left) the mean spectrum and (right) an individual spectrum of Mrk 79. The top traces show the processed spectrum (lime,
see Section 2.3) and the best-fit model (red), which is composed of AGN power-law continuum (blue), Fe IImultiplets (green), host galaxy (gray), broad emission
lines including Hβ λ4861, Hγ λ4340 (magenta), He II λ4686 and He I λ5876 (cyan), and several narrow emission lines (orange). The bottom trace shows the
residuals (lime).
Figure 4. The best-fit model for host galaxy based on the two dimensional
decomposition of the HST image (Kim et al. 2017). Extracted apertures of
spectrum are overlaid in red rectangle (adopted by this work) and green rect-
angle (adopted by Peterson et al. 1998). P.A. is position angle of slit. Image
is displayed on logarithmic stretch with 25′′×25′′.
multiplets, so we also fixed its width to the value fitted in
the mean spectrum. In practice, this operation is reasonable
since we have corrected the broadening of emission lines (see
Section 2.3).
Using the fitting results, we calculated the revised mean
and rms spectra after subtracting of the narrow emission
lines, and over-plotted along with the original mean and
rms spectra in Figure 2. Comparing revised mean spec-
trum (in red) with original mean spectrum (in blue), we
found that the narrow emission lines are well fitted and sub-
tracted. From Figure 2b, we found that the residuals of
[O III] λλ4959, 5007 almost disappear in the revised rms
spectrum, minor residuals are comparable with mean errors
(in dashed green-line).
3.3. Host galaxy
Mrk 79 was observed by the HST (Hubble Space Tele-
scope) ACS/HRC (Advanced Camera for Surveys/High res-
olution channel) with F550M filter. Two-dimensional sur-
face brightness decomposition of Mrk 79 was performed by
Bentz et al. (2009a) and Kim et al. (2017) using the code
GALFIT (Peng et al. 2002; Kim et al. 2008). Kim et al.
(2017) recently analysed high-resolutionHST images of 235
low-redshift Type 1 AGNs to study the structures of the host
galaxy. We adopted the best-fit model for the host galaxy
of Mrk 79 from Kim et al. (2017), which is shown in Fig-
ure 4. Bentz et al. (2009a) also analysed HST images of 35
RM AGNs to measure the contribution of host light to the
total luminosity at 5100 A˚. They concluded the flux of host
light at 5100 A˚ for Mrk 79 is Fhost,AP [1 + z] = 1.42 ×
10−15 erg s−1 cm−2 A˚−1 within an aperture of 5.0′′×7.6′′
(AP; lime rectangle). In this work, the extraction aperture
of spectrum is 2.5′′×5.7′′ with a position angle −99◦ (AL;
red rectangle in Figure 4). Integrating the photons in the
extraction apertures of 2.5′′×5.7′′ and 5.0′′×7.6′′, respec-
tively, we obtained the ratio of total photons of the host
galaxy in two apertures AL/AP = 0.60. Using this ratio
and the host-galaxy flux 1.42 × 10−15 erg s−1 cm−2 A˚−1,
we estimated the host-galaxy flux in our adopted extrac-
tion aperture for Mrk 79, which yields Fhost,AL [1 + z] =
0.85 × 10−15 erg s−1 cm−2 A˚−1. The fitting of mean spec-
trum yields an average host-galaxy flux of Fhost[1 + z] =
(0.80 ± 0.09) × 10−15 erg s−1 cm−2 A˚−1, where uncer-
tainty 0.09 is the standard deviation estimated from the fitted
host-galaxy components (Section 3.2). This flux is consistent
6with the above estimate from HST image because measur-
ing the flux contribution from the image has an uncertainty
of ∼ 10% (Bentz et al. 2013). This consistency indirectly
shows that the spectral decomposition of Mrk 79 is robust
and the host galaxy of Mrk 79 is well fit with a bulge, a bar,
and a disk (see Kim et al. 2017).
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Figure 5. Comparison of light curves. Panels (a-c) are light curves of the
observed continuum at 5100A˚ (from the processed spectra), AGN contin-
uum (from the featureless power law), and Mrk 79 photometry (see Sec-
tion 3.4), respectively.
3.4. Light Curves
The light curves of AGN continuum at 5100 A˚ (FAGN) and
broad emission lines (FHβ λ4861, FHγ λ4340, FHe II λ4686,
and FHe I λ5876) were generated from the best-fit model (the
featureless power law and the broad line components). Ta-
ble 1 provides the data of these light curves along with the
photometric light curve of Mrk 79. We also measured the
fluxes of the host galaxy (Fgal) and [O III] λ5007 (F[O III])
from the best-fit model, and directly measured the light curve
of continuum at 5100 A˚ (F5100,obs, which is contaminated by
the host galaxy) from the above processed spectra (see Sec-
tion 2.3). We calculated the variability amplitude of the light
curve by (see Rodrı´guez-Pascual et al. 1997)
Fvar =
(
σ2 −∆2
)1/2
〈F 〉
(3)
and its uncertainty (Edelson et al. 2002)
σ
Fvar
=
1
Fvar
(
1
2N
)1/2
σ2
〈F 〉
, (4)
where 〈F 〉 = N−1
∑N
i=1 Fi is the average flux, Fi is the
flux of the i-th observation of the light curve, N is the total
number of observations, σ2 =
∑N
i=1 (Fi − 〈F 〉)
2
/(N − 1),
∆2 =
∑N
i=1∆
2
i /N , and∆i is the uncertainty of Fi. Table 2
lists the statistics of the light curve.
We compared the light curves of FAGN and F5100,obs (Fig-
ure 5a and 5b), and found that the light curve of FAGN has
the larger variability amplitude (Fvar% = 9.61) than the light
curve of F5100,obs (Fvar% = 6.26) . Which shows that the
light curve of FAGN has improved after removing the con-
tamination of the host galaxy. Both light curves measured
from the spectra are consistent with the photometric light
curve of Mrk 79 (Figure 5c). This consistency shows that the
stable comparison star can provide precise flux calibration of
spectra.
We also checked the fluxes of the host galaxy and the
[O III] λ5007 (measured from the best-fit components) in
Figure A2a and A2b, found that the both fluxes have simi-
lar apparent variation in the time domain, and found that the
host-galaxy fluxes (11%) are more scatter than [O III] λ5007
(5%). Similar phenomena are found in Mrk 382 by Hu et al.
(2015). These measurement results are consistent with the
considerations of spectroscopic observation in Section 2.1
(the third paragraph). That is monitoring the spectra of
Mrk 79 in a relatively narrow slit (2.5′′) contributes to in-
crease the spectral resolution, but varying observing condi-
tions cause the apparent variation in flux of the slightly ex-
tended components observed in the narrow slit (including the
[O III] emission region and the host galaxy). The apparent
variation in flux of the [O III] λ5007 leads to the [O III] re-
maining in the rms spectrum, which supports the second sce-
nario mentioned in Section 3.1.
In order to qualitatively study the apparent variation in flux
of the host galaxy and the [O III] 5007, we have insight
into the details of spectroscopy and flux calibration in Ap-
pendix A. Briefly, seeing is a major factor in responding to
varying observing conditions, which could change from one
exposure to the next. Two point sources (the comparison star
and AGN) kept in a line parallel to the narrow slit (2.5′′),
the fractions of light loss due to varying seeing are identical
(Figure A1), that is the stable comparison star can provide
precise flux calibration of spectra (see figure 5 and accom-
panying statements). However, the slightly or very extended
components in the same slit, the fractions of light loss due to
varying seeing are less than the point source (Figure A1 of
Appendix A). In practice, above analysis is consistent with
seeing-induced aperture effects addressed by Peterson et al.
(1995). Consequently, the calibrated fluxes of the slightly ex-
tended components should correlate with varying seeing; The
host-galaxy fluxes should be more scatter than the [O III]’s
fluxes with varying seeing, because the intrinsic size of the
host galaxy is larger than the [O III] emission region. The
elaborate analysis is provided in Appendix A. Ultimately,
our measurement results in fluxes of the slightly extended
components (i.e. Figure A2 and A3) from the spectral fitting
productions are consistent with above analysis (details refer
to Appendix A), this consistency demonstrates that the spec-
tral fitting scheme performs correct decomposition of multi-
components.
7Table 1. Light curves of continuum at 5100 A˚ and broad emission lines for Mrk 79
JD−2450000 V -band (mag) JD−2450000 FAGN FHγ FHe II FHβ FHe I
8053.25 −1.96± 0.01 8059.26 2.57± 0.06 1.03± 0.05 3.26± 0.31 2.65± 0.04 4.71 ± 0.17
8059.25 −1.95± 0.02 8065.27 2.29± 0.07 1.03± 0.04 2.07± 0.31 2.60± 0.04 4.73 ± 0.17
8067.26 −1.93± 0.01 8067.27 2.41± 0.06 0.98± 0.04 2.49± 0.29 2.64± 0.04 4.87 ± 0.16
8068.25 −1.94± 0.01 8068.27 2.24± 0.04 0.96± 0.04 1.64± 0.27 2.56± 0.03 4.71 ± 0.12
8070.25 −1.92± 0.01 8070.27 2.22± 0.05 0.95± 0.04 0.95± 0.27 2.54± 0.03 4.71± 0.14
NOTE—V -band is photometric data (instrumental magnitude), FAGN is AGN continuum at 5100 A˚ in units of
10−15 erg s−1 cm−2 A˚−1, FHγ and FHβ are the fluxes of Hγ λ4340 and Hβ λ4861 in units of 10
−13 erg s−1 cm−2,
FHe II and FHe I are the fluxes of He II λ4686 and He I λ5876 in units of 10
−14 erg s−1 cm−2. This table is available
in its entirety in machine-readable form.
Table 2. Statistics of light curve for Mrk 79 in this campaign
Time Series F5100,obs[1 + z] FAGN[1 + z] FHγ [1 + z] FHe II[1 + z] FHβ [1 + z] FHe I[1 + z]
Mean flux 3.22± 0.21 2.33±0.23 1.00±0.10 2.63±1.21 2.61±0.14 4.64±0.42
Fvar (%) 6.26± 0.57 9.61±0.88 8.53±0.92 45.37± 4.06 5.33±0.48 8.28±0.85
NOTE—The mean flux F5100,obs[1 + z] in units of 10
−15 erg s−1 cm−2 A˚−1, the mean flux of other time
series have same units with Table 1.
Table 3. Summary of previous RM results of Mrk 79
Epoch (JD: days) Fobs[1 + z] Fhost[1 + z] FAGN[1 + z] L5100 (erg s
−1) Hβ Lags (days) Ref.
2447838−2448044 6.96±0.15 1.42± 0.07 5.54±0.18 (3.45± 0.12)× 1043 9.0+8.3
−7.8 (1,2)
2448193−2448393 8.49±0.16 1.42± 0.07 7.07±0.19 (4.41± 0.11)× 1043 16.1+6.6
−6.6 (1,2)
2448905−2449135 7.40±0.16 1.42± 0.07 5.98±0.19 (3.73± 0.12)× 1043 16.0+6.4
−5.8 (1,2)
2458059−2458192 3.22±0.22 0.80± 0.09 2.33±0.23 (1.45± 0.14)× 1043 3.49+0.62
−0.60 (3)
NOTE—References: (1) Peterson et al. (1998); (2) Bentz et al. (2013); (3) This work, Hβ lag from Table 4.
The units of Fobs[1 + z], Fhost[1 + z], and FAGN[1 + z] are 10
−15 erg s−1 cm−2 A˚−1.
Table 4. RM measurements of Mrk 79 from the present campaign
Line vs. FAGN Mean spectra rms spectra
Lines τcent τpeak rmax FWHM (km s
−1) σline (km s
−1) FWHM (km s−1) σline (km s
−1) VP (×107M⊙) VP (×10
7M⊙)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Hγ 2.43+1.550.88 2.32
+1.00
−1.17 0.79 6730±312 2739±216 10757±377 3679±137 2.15
+1.38
−0.80 0.64
+0.41
−0.24
He II −0.05+0.50
−0.40 0.21
+0.28
−0.77 0.86 — — 9585±815 4003±121 — —
Hβ 3.49+0.62
−0.60 2.36
+2.03
−0.49 0.83 6539±154 2660±136 8431±621 3458±132 2.91
+0.54
−0.52 0.82
+0.16
−0.15
He I 4.39+1.26
−1.12 4.43
+1.73
−1.80 0.69 6124±223 2470±156 8182±598 3345±134 3.21
+0.95
−0.85 0.96
+0.28
−0.25
Table 4 continued
8Table 4 (continued)
Line vs. FAGN Mean spectra rms spectra
Lines τcent τpeak rmax FWHM (km s
−1) σline (km s
−1) FWHM (km s−1) σline (km s
−1) VP (×107M⊙) VP (×10
7M⊙)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NOTE—The Lags (τcent and τpeak) are in the rest frame. The VPs of Col. (9) are calculated using the measurements of Col. (2) and Col. (5), and Col. (10) are
calculated using the measurements of Col. (2) and Col. (8).
3.5. Optical luminosity
Using the light curve of AGN continuum at 5100 A˚ gener-
ated from the best-fit power law, we obtained the mean flux of
FAGN[1+ z] = (2.33± 0.23) × 10
−15 erg s−1 cm−2 A˚−1,
which corresponds the monochrome luminosity of L5100 =
(1.45 ± 0.14) × 1043 erg s−1 in the present epoch. Before
this RM campaign, three-season RM campaigns for Mrk79
were finished by Peterson et al. (1998), the data were updated
and published in a series works (e.g., Peterson et al. 2004;
Zu et al. 2011; Bentz et al. 2013). Primary parameters along
with values are summarised in Table 3, where the values of
Hβ lags quoted in Table 3 are compiled from latest result of
Bentz et al. (2013). Comparing these fluxes (FAGN[1 + z])
for the host galaxy correction, we found that Mrk 79 is
seeming to come out the faint state during the monitoring
period. The mean flux approximates a magnitude fainter
than previous record holder. We checked the historical data
(Peterson et al. 1998), and found that the highest luminosity
state of Mrk 79 appeared at JD∼2448400 days. Similar to
the famous NGC 5548 (Lu et al. 2016), the huge variation
of AGN continuum benefit us to (1) investigate the variation
of the BLR similar to NGC 5548 (Lu et al. 2016); (2) con-
struct the Radius−Luminosity relationship of Mrk 79, simi-
larly see RBLR − L5100 relationship of NGC 5548 (Lu et al.
2016; Pei et al. 2017).
3.6. Line profile measurements
The broad emission lines including Hγ λ4340, Hβ λ4861,
and He I λ5876 were covered in our spectral fitting window.
Hence, we measured the velocity widths of these broad emis-
sion lines from the best-fit model. Using Equation 1 and 2,
we obtained the mean and rms spectrum of these broad lines
at first. They velocity widths (FWHM& σline) are used as the
optimum values. As adopted in Section 3.1, to estimate the
corresponding errors, we generated 200 mean and rms spec-
tra (realizations) from 200 randomly chosen subsets of the
spectra, and measured all velocity widths from simulated re-
alizations. Then we used the standard deviations as errors of
the optimum values. Whittle (1992) obtained [O III] λ5007
width (FWHM= 350 km s−1) of Mrk 79 from high reso-
lution spectrum. Comparing this width to those from our
spectra (FWHM= 900 km s−1), we obtained a broadening
of 829 km s−1. After correcting the broadening, we listed
the widths of the broad lines in Table 4. In spectral fitting,
the velocity width of broad He II λ4686 line was fixed to the
value estimated from rms spectrum (see Section 3.1), there-
fore we only give its velocity width from rms spectrum in
Table 4.
3.7. Lags of the broad emission lines
We measured the reverberation lags of the broad emission
lines (Hβ λ4861, Hγ λ4340, He II λ4686, and He I λ5876)
with respect to the continuum variation (FAGN), using
the standard interpolation cross-correlation function (ICCF)
method (Gaskell & Sparke 1986; Gaskell & Peterson 1987;
White & Peterson 1994). The reverberation lags are usu-
ally measured from peak (τpeak) and centroid (τcent ) of the
ICCF, where τpeak corresponds the maximum correlation co-
efficient rmax, and τcent is measured around the peak above
a typical value (r ≥ 0.8 rmax). The uncertainties of τpeak
and τcent were obtained using the Monte Carlo “flux random-
ization and random subset sampling” method described by
Peterson et al. (1998) and Peterson et al. (2004). The Monte
Carlo simulations were run with 5000 realizations, and the
cross-correlation peak and centroid distribution (CCPD and
CCCD) were created from the generated samples. The un-
certainties of τpeak and τcent were then calculated from the
CCPD and CCCD, respectively, with a 68.3% confidence
level (1σ).
Table 4 lists the lags of the broad emission lines includ-
ing τcent, τpeak, and the maximum cross correlation coeffi-
cients (rmax). In the low luminosity state of Mrk 79 (see
Section 3.5), the lag of Hβ λ4861 relative to the contin-
uum variation is significant shorter than the results of early
RM campaigns (see Table 3). This is similar to the find-
ing in better-observed NGC 5548 that the BLR size short-
ens with luminosity decreasing (e.g., Peterson et al. 1999,
2002; Bentz et al. 2007; De Rosa et al. 2018; Lu et al. 2016;
Kriss et al. 2019). In addition, the lag of He II λ4686 rela-
tive to the continuum variation approximates zero, which is
consistent with other objects (e.g., Mrk 1511, see Barth et al.
2013).
3.8. Velocity-resolved reverberation mapping
The BLR is an extended region and the velocity of the gas
is most likely a function of radii. The BLR gas in different
radii should respond to the continuum variations on slightly
different delays. The reverberation lags measured between
the continuum variations and the total fluxes of the broad
emission lines in Table 4 represent the radii averaged by
the emissivity function of the BLR. Based on a single broad
emission line, velocity-resolved reverberation mapping was
widely used to reveal the kinematic signatures of the BLR
in many ANGs (e.g., Denney et al. 2009a, 2010; Bentz et al.
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Figure 6. Light curves and the results of cross correlation analysis. The left panels (a-e) are the light curves of AGN continuum at 5100 A˚ and the broad
emission lines calculated from the best-fit component. The right panels (aa-ea) correspond to the ACF of continuum and the CCF between the light curves
of broad emission lines (b-e) and the continuum variation (a), respectively. We noted the variability amplitude Fvar% in panel of light curves, and noted the
maximum cross-correlation coefficient (rmax) in panel of CCF. The units of FAGN and emission lines (including Helium and Balmer) are erg s
−1 cm−2 A˚−1
and erg s−1 cm−2, respectively.
2009b, 2010; Barth et al. 2011a,b; Grier et al. 2013; Du et al.
2016; Lu et al. 2016; Pei et al. 2017; De Rosa et al. 2018;
Zhang et al. 2019). Although three RM-campaign of Mrk 79
have been performed before the present campaign, the study
of the BLR kinematics is still blank. In this section, we
constructed the velocity-resolved lag profiles of the broad
emission lines (Hβ λ4861, Hγ λ4340, He II λ4686, and
He I λ5876). Following previous method (e.g., Denney et al.
2009b; Lu et al. 2016; Pei et al. 2017), our procedure is as
follows. At first, we calculated the rms spectrum of these
broad lines, as illustrated in Figure 7 (top panels). Then we
selected a wavelength range and divided the rms profiles of
broad emission lines into nine uniformly spaced bins (each
bin has same velocity width ∼1300 km s−1) 1. The light
curves of each bin were finally obtained by just integrating
the fluxes in the bin, corresponding light curves were shown
in the left panels of Figures (B4, B5, B6, B7) and were num-
bered with Bin number (i.e., Bin 1 to 9 from blue wing, line
core to red wing of broad lines). Using Equation (3), we cal-
culated variability amplitudes Fvar of the velocity-resolved
light curves and noted these values in the left panels of Fig-
1 The instrumental broadening (ψ) is 829 km s−1 for adopting 2.5′′ slit.
The average broadening in each velocity bin is significantly smaller than bin
width (∼1300 km s−1), which means that the instrumental broadening has
a negligible impact on our analysis.
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Figure 7. The rms profiles (top panels) and velocity-resolved lag profiles (bottom panels) of the broad Hγ, Hβ, He I, and He II lines. The vertical dash-lines are
the edges of the velocity bins. Each bin is labeled with Bin number (Bin 1−9), which is one-to-one correspondence with Figures (B4, B5, B6, B7).
ures (B4, B5, B6, B7). The reverberation lag of each bin
and associated uncertainty were determined using same pro-
cedures as described in Section 3.7. The results of cross cor-
relation analysis are shown in the right panels of Figures (B4,
B5, B6, B7).
Bottom panels of Figure 7 show the velocity-resolved
lag profiles (VLPs) of the broad Hβ λ4861, Hγ λ4340,
He II λ4686, and He I λ5876 emission lines. The vertical
dash-lines are the edges of the velocity bins. Each bin is
labeled with Bin number, which is one-to-one correspon-
dence with Figures (B4, B5, B6, B7). For the VLP of
He II λ4686, the absolute value of 9 velocity-dependent de-
lays are less than 0.5 day, which is shorter than median sam-
pling of 1.0 day. A higher sampling is necessary to construct
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clear VLP of broad He II λ4686 line by decreasing the errors.
The VLPs of Hγ λ4340, Hβ λ4861, and He I λ5876 almost
have same kinematic signatures. They demonstrate that the
high-velocity gas in the wings exhibits a shorter lag than the
low-velocity gas. This is consistent with the viral nature of
gas motion in the BLR (Bentz et al. 2009b; Grier et al. 2013),
that is gas kinematics of the BLR during the monitoring pe-
riod is dominated by Keplerian gas motion. However, the
lag in the red wing is slightly larger than the lag in the blue
wing, and the largest delay response occurs in the red side
of the line core (i.e., Bin6;∼+1500 km s−1) for these broad
emission lines. Similar signature has been seen in NGC 3227
(see Figure 3 of Denney et al. 2009a). This is a signature
of outflow gas motion (Bentz et al. 2009b; Grier et al. 2013).
These complicated signatures should suggest that the BLR of
Keplerian motion in Mrk 79 probably exists the outflow gas
motion during the monitoring period.
3.9. Black hole mass and accretion rates
Using the RM measurements of the broad emission lines,
we determined BH mass of Mrk 79 by equation
M• = fBLR
cτ
BLR
V 2
BLR
G
≡ fBLRVP, (5)
where cτ
BLR
is the size of the BLR, c is the speed of light,
τ
BLR
is the lag of the broad emission line with respect to the
continuum variation, G is the gravitational constant, V
BLR
(i.e., FWHM or σline) is the velocity width of the broad emis-
sion lines, and VP is commonly called the virial product. The
coefficient fBLR called virial factor depends on the geometry,
kinematics, and inclination of the BLR.
We first calculated VP based on the different broad emis-
sion lines and tabulated results in Table 4. Graham et al.
(2011) the first evaluated the virial factor fBLR taking into
account the morphology of the host galaxies, and found that
the factor fBLR for barred galaxies is three times lower than
that for non-barred galaxies. Ho & Kim (2014) reevaluated
the factor fBLR for the RM AGN sample taking into account
the bulge type of the host galaxies and found that the system-
atic difference in fBLR between barred and non-barred galax-
ies qualitatively resembles the dependence on bulge type.
Ho & Kim (2014) suggested that pseudo-bulge notably has
a lower fBLR than in classical bulge. For FWHM measured
from mean spectrum, fBLR = 0.5 ± 0.2 for pseudo-bulges,
whereas fBLR = 1.3 ± 0.4 for classical bulges. For σline
measured from rms spectrum, fBLR = 3.2± 0.7 for pseudo-
bulges, whereas fBLR = 6.3 ± 1.5 for classical bulges.
The host galaxy of Mrk 79 has a classical bulge (Kim et al.
2017). Based on broad Hβ line, multiplying virial factor
fBLR = 1.3± 0.4 and fBLR = 6.3± 1.5 to VP|FWHMHβ(=
2.91+0.54−0.52 × 10
7M⊙) and VP|σHβ (= 0.82
+0.16
−0.15 × 10
7M⊙),
we obtained M• = 3.79
+1.36
−1.35 × 10
7M⊙ and 5.13
+1.57
−1.55 ×
107M⊙, respectively. Our measurement of BH mass for
Mrk 79 is consistent with previous results (see Peterson et al.
1998; Bentz et al. 2013). The bulge of Mrk 79 has a stellar
velocity dispersion (130 ± 12) km s−1 (Nelson et al. 2004).
Using the latest M• − σ∗ relation Kormendy & Ho (2013),
we obtained M•|σ∗ = 4.68 × 10
7M⊙ with the scatter 0.34
dex, which is consistent with estimates from VP|σHβ and
VP|FWHMHβ .
Based on the standard model of accretion disk, the dimen-
sionless accretion rates are related to the 5100 A˚ luminosity
and BH mass via (Du et al. 2015)
M˙ =
M˙•
LEddc−2
= 20.1
(
ℓ44
cos i
)3/2
M−27 , (6)
where M˙• is the mass accretion rates, LEdd is the Eddington
luminosity, c is the speed of light, ℓ44 = L5100/10
44 erg s−1
is optical luminosity at 5100 A˚, M7 = M•/10
7M⊙ is BH
mass, cos i is the cosine of the inclination of the accretion
disk. i = 24 degrees for Mrk 79 (Gallo et al. 2011). Using
M• = 5.13
+1.57
−1.55 × 10
7M⊙ and L5100 = (1.45 ± 0.14) ×
1043 erg s−1, we obtained accretion rates M˙• = (0.05 ±
0.02) LEdd c
−2, indicating that Mrk 79 is a sub-Eddington
accreting AGN.
4. DISCUSSION
4.1. Indirect evidence of the BLR as a disk wind
On the one hand, UFOs and warm absorbers are identi-
fied in term of X-ray spectrum for Mrk 79 (Tombesi et al.
2010, 2011; Gallo et al. 2011), but their geometries re-
main unclear (Parker et al. 2018), We don’t know whether
blueshifted UV absorbers/emitters exist in Mrk 79 in ab-
sence UV spectrum. In Section 3.1, we detected marginal
blueshift of the broad He II λ4686 line with velocity of
∼ 450 km s−1, which indicates an outflow of high-ionization
gas (e.g., He II emitters). But it is significantly slower than
the velocity of UFOs (0.016 VUFOs,out). As suggestion of
disk wind model (Murray et al. 1995; O’Brien et al. 2005;
Tombesi et al. 2013), this result may attribute to a possibil-
ity that the X-ray outflow could be the source of some of
the BLR gas. In addition, based on the velocity-resolved
lag profiles of broad He I λ5876, Hβ λ4861, and Hγ λ4340
lines (Section 3.8), we found that low-ionization gas of the
BLR exhibits the outflowing signature during the monitor-
ing period. Meanwhile, we found that Mrk 79 is similar
to NGC 3227 (see Section 1) in some aspects. For exam-
ple, (1) UFOs and warm absorbers were detected in both
AGNs; (2) the low-ionization BLR of both AGNs exhibit
the outflowing component (see Section 3.8 and Denney et al.
2010). While, based on velocity-resolvedRM, we do not find
that the BLR doubtlessly exhibits an outflowing component
for normal AGN (i.e., no disk wind) so far. These findings
may indicate that the outflowing BLR could be associated
with disk wind, and may support the notion that disk wind
could be the source of some of the BLR gas as suggested
by O’Brien et al. (2005). All of these phenomenons includ-
ing UFOs, warm absorbers, and the kinematics of the high-
and low-ionization BLR, may provide an indirect evidence
that the BLR of Mrk 79 probably originates from disk wind.
However, simultaneous observations of multi-band spectra
are necessary to further constrain this speculation.
It should be noted that, NGC 3227 as one of candidates
of UFOs, the outflowing BLR in 2007 (Denney et al. 2010)
turns to virialized BLR in 2012. De Rosa et al. (2018) sug-
gested that the most likely reason for this change is that the
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Figure 8. Relation between blueshift velocity of the broad He II λ4686 line and AGN properties including BH mass, luminosity of the broad Hβ line, and
accretion rates. Disk wind was just detected in Mrk 79 and Mrk 1044, they are connected in a dashed line.
BLR structure is probably complex and consists of multiple
components—a disk and a wind. In this case, the decelerat-
ing and cooling outflow may gradually fall and turn to viri-
alization, or it could be real intrinsically that the BLR kine-
matics are variable on the dynamical timescale as we saw in
NGC 5548 (Lu et al. 2016; Kriss et al. 2019; De Rosa et al.
2018; Xiao et al. 2018). Therefore, the different BLR kine-
matics will be observed from the different campaigns.
On the other hand, when NGC 5548 is seeming to come
out of faint state (e.g., De Rosa et al. 2018; Pei et al. 2017;
Kriss et al. 2019), the broad emission lines failed to re-
spond to variations in the continuum flux as the BLR ‘hol-
iday’. Dehghanian et al. (2019) argued that X-ray absorp-
tion (observed by Mehdipour et al. 2016), produced tran-
sient obscurer, was present throughout the BLR ‘holiday’
of NGC 5548. Based on the X-ray and UV band monitor-
ing of NGC 5548, Kriss et al. (2019) combined the obser-
vational facts including the obscurer and the departure of
NGC 5548’s BLR from the radius−luminosity relationship
(Peterson et al. 2002; Pei et al. 2017; De Rosa et al. 2018),
and suggested that the obscurer is a manifestation of a disk
wind launched in the brightening state. Coincidentally, what
has been happening in better-studied NGC 5548 seems to has
been happening in Mrk 79 as well. Both are seeming to come
out of faint states, the Hβ lags are too short for the low lumi-
nosity state, and both are suspected of triggering disk wind.
Unfortunately, we don’t have UV or X-ray spectra of Mrk 79.
It is worth noting that outflow of RQ AGN should be
jointly triggered and controlled by central gravity and mag-
netic or (and) radiation pressure. In this case, the velocity
of outflow should anticorrelate with BH mass, and positively
correlate with magnetic or (and) radiation pressure. We com-
piled blueshifted velocity of the broad He II λ4686 emission
line from Hu et al. (2015) and this work, and investigated re-
lationship between the blueshifted velocity of He II λ4686
emitters and AGN properties including BH mass, luminosity
of broad Hβ line (which is used as proxy of UV luminosity),
and accretion rates in Figure 8. It should be noted that, in
this small sample, disk wind was only detected in Mrk 79
and Mrk 1044 (Parker et al. 2018). This sample shows a pos-
sible trend that the blueshifted velocity of He II emitters are
anticorrelated with BH mass, which may suggest that central
gravity plays a potential role on the terminal velocity of out-
flow. While we cannot see clear trend between blueshifted
velocity of He II emitters and the rest of AGN properties
(Figure 8b and 8c). An larger sample is necessary to respon-
sibly investigate these relations. On the other hand, based
on the results of 18 RM-campaigns of NGC 5548, Lu et al.
(2016) recently found that the BLR size (τBLR) follows the
variation of optical luminosity in the long-term timescale for
NGC 5548 but with a time delay ∼ 3 yr (also see Kriss et al.
2019), and implied the potential role of radiation pressure.
Mrk 79 is monitored by 4 RM campaigns so far (including
this work), nevertheless, more and dense RM campaigns are
necessary to investigate this nature.
In addition, many possible origins of the BLR are de-
veloped besides the above case. For example, a series of
works suggested that part of the BLR gas (or broad emission
line) originate from the outer region of accretion disk (e.g.,
Collin-Souffrin 1987; Collin-Souffrin & Dumont 1990), but
this scenario only produces low-ionization emission lines;
Wang et al. (2017) modelled Hβ profile using dynamical
model of different type clouds and suggested that tidally dis-
rupted clumps from the torus may represent the source of the
BLR; Czerny & Hryniewicz (2011) suggested that the BLR
is a failed dusty wind from the outer accretion disk (also
see Czerny et al. 2017); Baskin & Laor (2018) suggested the
BLR originate from the dusty inflated accretion disk (see Fig-
ure 13 of Baskin & Laor 2018). However, whether these pos-
sible origins of the BLR are an intermediate state (phase) of
multiphase disk wind should be studied in the future.
4.2. Radius−Luminosity relation
Many works focused on investigating the kinemat-
ics of the BLR in NGC 5548, and constructed its
RBLR−L5100 relationship (Peterson et al. 2004; Bentz et al.
2007; Denney et al. 2010; Lu et al. 2016; Pei et al. 2017;
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De Rosa et al. 2018). Comparing the observation features
of Mrk 79 in the past RM campaigns (see Section 3) with
NGC 5548, we seemingly saw another ‘NGC 5548-like’
AGN in some aspects. For example, (1) the velocity widths
of broad emission lines (such as Hβ line) are very broad
(> 4000 km s−1), that is they are broad-line Seyfert galaxy;
(2) They have a classical bulge in the host galaxy (Kim et al.
2017); (3) Their BLR size and optical luminosity exhibit
large variation (see Table 3; Lu et al. 2016; Kriss et al. 2019).
Mrk 79 is expected to be a new candidate can be used to
construct another RBLR − L5100 relationship of individual
object because of enormous change of AGN continuum and
the BLR size (Table 3). Figure 9 presents the canonical
RBLR − L5100 relationship (slope=0.53) from Bentz et al.
(2013) along with RBLR − L5100 relationship of NGC 5548
(slope=0.86, Lu et al. 2016). Black dots with error bars dis-
play the RBLR − L5100 relation of NGC 5548 reverbera-
tion, red circles with error bars display the RBLR − L5100
relation of Mrk 79 reverberation. We found that the current
RBLR − L5100 relation of Mrk 79 deviates from the canon-
ical RBLR − L5100 relationship (blue line) and NGC 5548’s
RBLR − L5100 relationship (black line).
We noted that the previous works have described how the
BLR radius in an individual object changes as the mean op-
tical luminosity varies with time (e.g., Baldwin et al. 1995;
Peterson et al. 1999, 2002). Based on the NGC5548’s results
of 13-season RM campaigns, Peterson et al. (2002) found
that the observed relation between the BLR radius and the
luminosity in an individual AGN (Figure 5 of Peterson et al.
1999 and Figure 3 of Peterson et al. 2002) is consistent
with the prediction of the simple photoionization equilibrium
model. However, the latest studies found that (1) the BLR
radius correlates with the averaged luminosity of AGN but
with a delay, and this delay coincides with the BLR’s dynam-
ical timescale (Ulrich et al. 1991; Lu et al. 2016; Kriss et al.
2019); (2) The shortened Hβ lags correlate with the accretion
rates of AGN (e.g., Du et al. 2018). These results may imply
that the BLR physics is probably complicated, the evolution
of the BLR structure and kinematics may change the corre-
lation between the BLR radius and luminosity of AGN pre-
dicted by photoionization equilibrium model. It is possible
that comparing the RBLR − L5100 relationships of different
AGNs (e.g., NGC 5548, Mrk 79 and so on) in the near future
and investigating their similarities and differences could help
us to understand the scatter (∼ 0.3 dex, see Bentz et al. 2013;
Du et al. 2018; Grier et al. 2017) of canonicalRBLR−L5100
relationship.
5. SUMMARY
We developed an monitoring project to investigate the
kinematics of the BLR in AGN with UFOs and explore po-
tential connection between the BLR and disk wind. This is
the first result from a new RM-campaign of Mrk 79, which
was undertaken by Lijiang 2.4-m telescope (LJT+YFOSC).
Spectral fitting scheme was adopted to remove the host-
galaxy component from spectrum and improve the mea-
surement quality of light curves. Reverberation analysis
of several broad emission lines (Hβ λ4861, Hγ λ4340,
He II λ4686, and He I λ5876) are carried out. Based on the
present campaign, We obtained the following results.
1. Mrk 79 is seeming to come out the faint state, the aver-
age flux of AGN at 5100 A˚ approximates a magnitude
fainter than previous record holder. We found that the
variability amplitudes of the broad emission lines meet
Fvar,He II > Fvar,Hγ > Fvar,He I ≥ Fvar,Hβ relation.
2. High-ionization line of He II λ4686 has a marginal
blueshift with velocity∼ 450 km s−1, which indicates
an outflow of high-ionization gas.
3. We successfully measured the time delays of the broad
Hβ λ4861, Hγ λ4340, He II λ4686, and He I λ5876
emission lines with respect to the continuum varia-
tion. The optimum lags of Hγ λ4340, Hβ λ4861, and
He I λ5876 lines marginally show a ionization stratifi-
cation of the BLR. The lag of He II λ4686 line approx-
imates zero, which is consistent with previous results.
4. We simultaneously obtained the velocity-resolved lag
profiles of the broad Hγ λ4340, Hβ λ4861, and
He I λ5876 emission lines for the first time, which
almost show same kinematic signatures. Specifically,
the high-velocity gas in the wings exhibits a shorter lag
than the low-velocity gas. However, the lag in the red
wing is slightly larger than the lag in the blue wing,
and the largest lag occurs in the red side. These com-
plicated signatures should suggest that the BLR of Ke-
plerian motion in Mrk 79 probably exists the outflow
gas motion during the monitoring period.
5. Based on the velocity width and time delay of broad
Hβ λ4861 line, we measured BH mass of M• =
5.13+1.57−1.55 × 10
7M⊙ for Mrk 79. This value is consis-
tent with the estimate ofM• − σ∗ relation. Using this
BH mass and optical luminosity at 5100 A˚ L5100 =
14
(1.45 ± 0.14)× 1043 erg s−1, we estimated accretion
rates of M˙• = (0.05 ± 0.02) LEdd c
−2. Mrk 79 is a
sub-Eddington accreting AGN.
6. We found that the current RBLR − L5100 relation
of Mrk 79 reverberation deviates from the canoni-
cal RBLR − L5100 (slope=0.53) and NGC 5548’s
RBLR − L5100 (slope=0.86) relationships. More and
dense RM campaigns are necessary to construct robust
RBLR − L5100 relationship of Mrk 79.
As discussed in Section 4, although we don’t know
whether blueshifted UV absorbers/emitters exist in Mrk 79
in absence UV spectrum, many findings including UFOs,
warm absorbers , and the BLR kinematics of the high- and
low-ionization gas, indicate that the BLR of Mrk 79 proba-
bly originates from disk wind launched from accretion disk.
Nevertheless, simultaneous observations of multi-band spec-
tra are necessary to confirm this speculation.
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APPENDIX
A. INSIGHT INTO THE SPECTROSCOPY AND
CALIBRATION
To qualitatively study the apparent variation in flux of
the host galaxy and the [O III] λ5007 mentioned in Sec-
tion 3.1 and 3.4, we have insight into the details of spec-
troscopy and flux calibration in this Appendix. Mrk 79 con-
sist of the AGN (including the BLR), the host galaxy and the
[O III] emission region (i.e., NLR: the narrow-line region),
which is observed along with the comparison star simulta-
neously. At first, we simply considered the size of different
components. The AGN including the BLR along with the
comparison star are point sources, the intrinsic size of point
source approximates 0′′ in remote distance. For the NLR and
the host galaxy, we noted that Peterson et al. (1995) have pro-
duced the models of the surface-brightness distribution of the
NLR and host-galaxy distribution from ground-based images
in NGC 4151 and NGC 5548, and found that (1) the NLR of
NGC 5548 is point-like source; (2) The NLR of NGC 4151 is
slightly extended source. Based on the growth curve for the
[O III] λ5007 flux distribution constructed by Peterson et al.
(1995), we estimated the radius (defined by 80% of the in-
tegrated [O III] λ5007 flux) of the [O III] emission region
in NGC 4151 (∼ 1.5′′); (3) The host galaxy is very ex-
tended source, this is consistent with the results of HST
image decomposition for the local AGNs (see Bentz et al.
2009a; Kim et al. 2017). In Mrk 79, based on HST image
of the [O III], Schmitt et al. (2003a) measured the effective
radius (defined by 50% of the integrated [O III] λ5007 flux),
extent of photometric semi-major and semi-minor axes of
the [O III] emission (see Table 3 of Schmitt et al. 2003a).
The semi-major axes, which is roughly perpendicular to our
long slit (see Figure 8 of Schmitt et al. 2003a, and the po-
sition angle of our long slit is −99◦), has a size of 2.1′′,
comparable to the width of slit. This valuable measurement
shows the NLR of Mrk 79 along with a part of other AGNs
is slightly extended source. For AGNs with a slightly ex-
tended NLR observed with a broad spectrograph slit of 5.0′′
(adopted by many previous RM campaigns, see Table 12 of
Bentz et al. 2013), standard spectral calibrationmethod using
the [O III] λ5007 as calibrator provides precise internal flux
calibration of spectra (see Fausnaugh 2017; Peterson et al.
1995), because broad spectrograph slit integrally observed
[O III] λ5007 emission of AGNs. This is not the case for
a small spectrograph slit (2.5′′), the seeing-induced aperture
effects will cause the apparent variation in flux of extended
source. We give a quantitative analysis about this point in
the next, in fact, which is similar to Peterson et al. (1995)’s
analysis of aperture effects on the accuracy of ground-based
spectrophotometry.
Figure A1 is a spectroscopic schematic diagram for show-
ing the flux variation of different components in the slit. We
use red and blue Gaussian profiles to present the surface-
brightness distribution of these components broadened by
different seeing (in practice, the slightly or very extended
source has a flatter surface-brightness distribution than Gaus-
sian profile, see Peterson et al. 1995). For each component,
the area surrounded by red and blue Gaussians within the
small slit present the fractions of light loss caused by varying
seeing. Figure A1 shows that the fractions of light loss due to
varying observing conditions (e.g., seeing) are dependent on
the size of the object (i.e., the width of surface-brightness dis-
tribution), seeing and the width of slit (also see Peterson et al.
1995). If we use ψstar, ψAGN, ψ[O III], and ψgal to represent
the percentage of flux remaining in the aperture for different
components, the observed flux can be described by
F starobs = ψ
star × F starabs (A1)
for the comparison star,
FAGNobs = ψ
AGN × FAGNabs (A2)
for the AGN,
F
[O III]
obs = ψ
[O III] × F
[O III]
abs
(A3)
for [O III] λ5007 (from the extended NLR), and
F galobs = ψ
gal × F galabs (A4)
for the host galaxy, where Fabs are the absolute fluxes of
these components.
The observed flux Fobs is corrected by multiplying to the
flux-calibration factor, the factor is obtained by comparing
the absolute flux to the observed flux of the comparison star
(Maoz et al. 1990; Kaspi et al. 2000; Du et al. 2014), that is
the calibrated flux
Fcal = Fobs ×
F starabs
F starobs
=
1
ψstar
× Fobs. (A5)
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Figure A1. Schematic diagram for showing the flux variation in the slit. Each pair of dotted lines represent the slit (width= 2.5′′) adopted in spectroscopy. The
Gaussian profiles (left to right) represent the flux distribution (i.e., surface-brightness distribution) of the point sources (AGN, the BLR and star), the slightly
extended source ([O III]) and the very extended source (host galaxy), respectively. The red profiles are broadened by seeing of 1.5′′, the red profiles are broadened
by seeing of 2.5′′. Rstar , RAGN, R[O III] and Rgalaxy roughly represent the radii of the comparison star, AGN, [O III] emission region (refer to Schmitt et al.
2003a) and the host galaxy (refer to Bentz et al. 2009a), respectively.
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Figure A2. Panels (a-b) are the apparent variation in fluxes of the host
galaxy and [O III]λ5007measured from the best-fit components. The width
(FWHMstar) of star’s flux distribution was measured from the short expo-
sure image, the image was observed before and near the spectroscopy. Panel
(c) shows the variation of FWHMstar .
Therefore, we deduced the calibrated flux of the AGN
FAGNcal =
1
ψstar
× FAGNobs
=
ψAGN
ψstar
× FAGNabs = f
AGN
cal × F
AGN
abs ,
(A6)
the extended NLR
F
[O III]
cal =
1
ψstar
× F
[O III]
obs
=
ψ[O III]
ψstar
× F
[O III]
abs = f
[O III]
cal × F
[O III]
abs ,
(A7)
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Figure A3. Relation between the fluxes of extended components (F[O III]
and Fgal) and FWHMstar variation. Spearman rank-order correlation co-
efficient (ρ) and the p-value (p) are noted in the panels.
and the host galaxy
F galcal =
1
ψstar
× F galobs
=
ψgal
ψstar
× F galabs = f
gal
cal × F
gal
abs.
(A8)
Where fcal are the flux-calibration factors of different com-
ponents.
Figure A1 also shows that two point sources (the compari-
son star and AGN) kept in a line parallel to the slit, the frac-
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tions of light loss due to varying seeing are identical. How-
ever, the extended component (the [O [III] emission region
and the host galaxy) in the same slit, the fractions of light
loss due to varying seeing are less than point source (similar
analysis about aperture effects are addressed in Section 2.1 of
Peterson et al. 1995). In this case, forMrk 79, the radii of dif-
ferent components including the AGN, the NLR, and the host
galaxy meet RAGN(∼ 0
′′) < RNLR(∼ 2
′′) < Rgal(∼ 5
′′)
relation. When seeing increases, the percentages of flux re-
maining in the aperture meet ψAGN = ψstar < ψ[OIII] <
ψgal relation. The result is that the flux-calibration factors
meet 1 = fAGNcal < f
[O III]
cal < f
gal
cal relation. That is the
most extended component has the largest flux calibration
factor. Consequently, (1) the flux-calibration factor of ex-
tended component should correlate with seeing, that is the
calibrated fluxes including F
[O III]
cal and F
gal
cal (Equation A7
and A8) should correlate with seeing because the absolute
flux (including F
[O III]
abs and F
gal
abs) is constant; (2) the host-
galaxy fluxes (F galcal ) should be more scatter than [O III]’s
fluxes (F
[O III]
cal ) since f
gal
cal is larger than f
[O III]
cal with vary-
ing seeing.
In order to test the above analysis results from the perspec-
tive of observation, we measured the width (FWHMstar) of
the star’s flux distribution from the short exposure image ob-
served before and near the spectroscopy, and showed the vari-
ation of FWHMstar in Figure A2 (panel c). In practice, see-
ing could change from one exposure to the next, FWHMstar
is mainly modulated by varying seeing. Figure A2 shows that
the apparent variations in fluxes of the extended components
(including [O III] emission region and the host galaxy) are
similar to the variation of FWHMstar, and the host-galaxy
fluxes (11%) are more scatter than [O III]’s fluxes (5%). Fig-
ure A3 clearly shows that the fluxes of extended components
correlate with the variation of FWHMstar. Actually, these
examination results are consistent with above analysis, and
show that the [O III] emission region in Mrk 79 is slightly
extended source. Therefore, for a narrow slit, the varying ob-
serving conditions will give rise to the apparent variation in
flux of the extended components. So that the [O III] remains
in the rms spectrum and its fluxes have a scatter of 5%.
B. VELOCITY-RESOLVED REVERBERATION
MAPPING
In Section 3.8, we presented the procedure of velocity-
resolved reverberation mapping. In this appendix, we pro-
vide the velocity-dependent light curves and cross correla-
tion analysis including Hβ λ4861, Hγ λ4340, He II λ4686
and He I λ5876 (see Figures B4, B5, B6, B7)
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Figure B4. Velocity-resolved reverberation mapping. The left panels (a-j) show the light curves of AGN continuum at 5100 A˚ and the broad Hβ emission
line of each velocity bin, respectively. We noted the variability amplitude of the light curves in panels (b-j). The right panels (aa-ja) correspond to the ACF
of continuum at 5100 A˚ and the CCF between the light curve of each velocity bin (b-j) and the continuum variation (a), respectively. We noted the maximum
correlation coefficients (rmax) in panels (b-j). Monte Carlo simulations of the centroid (blue) are over-plotted in panels (ba-ja). Bin number (Bin 1−9) is
one-to-one correspondence with Figure 7.
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Figure B5. Same as Figure B4, but for the broad Hγ emission line.
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Figure B6. Same as Figure B4, but for the broad He II emission line.
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Figure B7. Same as Figure B4, but for the broad He I emission line.
